In the present chapter, sustainability rating systems are used as a proxy variable to analyse the characteristics of a large sample of sustainable buildings. In fact, the author believes that the results of sustainability assessments in real buildings can be more useful to understand the state of the art of sustainable building than policies and regulations.
As seen in Section 1.2, sustainability assessments are generally voluntary, and their adoption is often motivated by signalling reasons. This means that the construction firm or the owner of the building decides to perform a sustainability assessment also to communicate something to the outside world (Mlecnik et al., 2010) .
According to King and Toffel (2007) , signalling and intrinsic benefits are mixed together when sustainable rating systems are used. In their analysis, this clearly emerged from the decreasing number of buildings that obtained a larger number of credits than the minimum for a given certification level. Buildings generally aimed at an established certification level, and rarely showed higher performance than the minimum ones for the given certification level.
In this chapter, a rating system is chosen to discuss aspects of sustainable buildings in developed countries (mainly United States) by looking at statistics of achieved points in certified buildings. Although there is space for improvement in LEED (Bower et al., 2006; Hahn, 2008; Newsham et al., 2009) , this is the most diffused system worldwide, and hence, it has been chosen for the analysis. The author thanks the Green Building Council (GBC) in New York for having allowed the use of the data.
Sustainability Assessments of the Building Sample
A sample of 490 buildings was selected within the GBC database from already completed buildings. Selected buildings belonged to several typologies, with a large majority of commercial (52%) and residential (30%) buildings. The time of construction was very similar among buildings, from 2002 to 2009, hence, a diachronic analysis could not be performed. • Sustainable sites is an important category in the overall evaluation of sustainability (14/69 available points), however, assessed buildings reach less than 50% of the available points on average. The selection of a sustainable site is often influenced by property possibilities, municipal policies, and previous land uses, making a free selection difficult.
• Energy and Atmosphere is the category with the largest number of points (17/69 points). The rate of successful points over possible ones is the lowest among categories (38%), even if this percentage in other studies has been also smaller (30.8% in Bolin, 2003) .
• Indoor environmental quality is the second category for available points but the first contributing to the total score, as average earned points are 56% of available ones (59.6% in Bolin, 2003).
• Water efficiency receives only a few points in the standard (5/69), despite its importance for a sustainable building. The most probable reason for this is that few actions can lead to a significant efficiency in the use of this resource and, in fact, buildings obtained 62% of the available points on average.
• Material and Resources category has a considerable number of available points but effectively earned ones are few, with an average of 40%.
• Innovation category has a low number of available points and on average, buildings are successful in this category for 66% of the possible points, which means that sustainable buildings are generally able to fulfil requirements in this category.
With the largest number of achievable points but third in absolute earned points and last in relative earned points to the total achievable ones, the Energy and Atmosphere category shows abnormal percentages. This suggests that energy requirements are still difficult to achieve, and also that projects aimed at sustainability certification under-adopt performances within this category. The low result of Energy and Atmosphere scores can probably be justified by the very low preparedness and the insufficient awareness about requirements of this category among constructors (Son et al., 2011) . Figure 4 .1 represents the percentages for buildings of different classes, for certified, silver, gold and platinum buildings. In platinum buildings, the percentage of earned points in the Energy and Atmosphere category increases with respect to other classes of buildings, becoming the most contributing category to the overall score in absolute value (78% of points obtained, with an average of almost 14 points over the 69 available). However, if compared with the total available points in this category, obtained ones have a lower percentage than in other categories. The Material and Resources category also suffers from obtaining a low percentage of points for any class of buildings and, in particular, in platinum ones, this category represents the less successful Chapter 4 one (62%). The high percentage of success in the Innovation category can be justified by the freedom the LEED system allows for points in this category. Moreover, it is interesting to look at the results for the Water Efficiency category: the importance of this resource for sustainable development, together with the ease of designing and building systems of water harvesting, suggest that water efficiency represents an achievable target that can be reached, almost independently from the rate of sustainability certification.
The comparison between achieved points in silver and gold buildings shows that the improvement in the assessment is lightly influenced by the Material and Resources category. In fact, average earned points in this category are similar among buildings. Conversely, a larger improvement occurs between silver and gold buildings in the Energy and Atmosphere and Water Efficiency categories. Figure 4 .1 disaggregates the statistics in figure 4.2 by representing the earned points for any criteria. This shows which points in each category are more often reached. In the Indoor Environmental Quality category, criteria from IEQ 1.0 to 5.0 are earned by a high percentage of buildings in any class; these criteria correspond to the air monitoring system, system with increased ventilation, management of air quality during construction, use of low emitting materials and control of pollutant sources. This suggests that sustainable buildings have recently learnt how to adopt the innovations related to previous indoor air-quality criteria.
Energy-related criteria are among the less-achieved ones. In particular, the percentage of buildings with renewable energy production is low for any class of buildings, with only 1% of certified buildings able to produce 20% of energy from renewable sources (E&A 2.3). A high energy performance (E&A 1) Chapter 4 Unauthenticated Download Date | 6/17/19 5:18 PM is partially achieved, and many buildings make only limited choices towards adoption of energy saving innovations: high success rates for E&A 1.1, 1.2 (optimise energy performance through lighting power and lighting controls), while low ones for E&A 1.3, 1.4, 1.5 criteria, which are related to the HVAC, equipment and appliances energy savings, respectively.
Urban and brownfield redevelopment criteria (SS 2.0, 3.0) have low success rates: this suggests that the possibility of selecting land is of secondary importance in respect to the construction. On the contrary, criteria about alternative transportation (Public Transportation Access SS 4.1 and Bicycle Storage and Changing Rooms SS 4.2) have a high success rate. This means that sustainable buildings have learnt to adopt innovations related to sustainable mobility.
In the Water Efficiency category, water use reduction has a high percentage of success among all certification levels with values which, in certified buildings, go from 60% for 20% reduction in water use (WE 3.1) to 37% for 30% reduction (WE 3.2). The implementation of Innovative Wastewater Technologies (WE 2.0) represents a complicated target also for best-rated buildings. According to Morris and Matthiessen (2007) , this could probably be justified as on-site wastewater treatment adds significant costs.
Finally, criteria in the Material and Resources category have different statistics regarding the successful points. In fact, high successful percentages are reached for construction waste management (M&R 2.1, 2.2) and use of local and regional materials (M&R 5.1, 5.2) in any class of buildings. In contrast, other criteria in this category show a low success rate even in platinum buildings: among these are criteria for adoption of building reuse materials (M&R 1.1, 1.2, 1.3) and rapidly renewable materials (M&R 6.0). This suggests that sustainable buildings are generally able to reduce the impact of their material and resource uses, although this ability is shown by selecting unused materials more than looking at using recycled or lowenergy embodied ones.
Obviously, the choice to use the LEED protocol, limiting the evaluation to one rating system, means the analysis is influenced by its structure as well as by its criteria.
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House for Young people -Don Leandro Rossi Foundation, Lodi, Italy
This small and unique building is based on three design guidelines: functional suitability, energy saving and technological innovation. These are easily legible in this architectural organism. It aims to host young people with family problems and it was designed under the supervision of the Architectural Technology department of the Polytechnic of Milan.
Energy-saving and technological innovation are visible in morphology of the building, which faces south with a wall. Solar photovoltaic panels and solar panels help reduce the energy consumption to less than 6kWh/m 3 , allowing this building to be labeled with the most sustainable category of the local sustainability assessment system. Moreover, the double height living room promotes natural ventilation through the skylight.
Many innovative technologies have been used in this building, especially the mixed structure of steel and laminated wood; external envelope composed by sandwich panels with interposed polystyrene, complemented by various types of ventilated walls hung with horizontal panels and high heat insulating windows. The metal roof raised the shape of the building to intercept solar radiation in summer, and it is inclined towards the internal to help the collection of rainwater for irrigation of gardens.
The willingness to experiment with new technology also suggests adopting different materials in the coating ventilated façade, structure, and plasters.
Chapter 4 It is often described as an environmentally progressive residential tower. The energy -conserving building design is 35% more energy-efficient than code requires, resulting in a 67% lower electricity demand during peak hour. Among the benefits it offers, residents appreciated:
-photovoltaic panels that convert sunlight to electricity and offer lower electric bills.
-computerised building-management system and environmentally responsible operating and maintenance practices.
The PV panels are integrated in the façade of the building and represented a model to include Renewable Technology as main material of the envelope. The building is also provided with a water recycling system which divides black and grey water to reuse it into the toilets and the green roof.
Chapter 4
Trends in Sustainability Assessment of Buildings
Trends of sustainability assessment of building have been of interest since Crawley and Aho's study (1999) . As seen above, single and multi-dimension systems exist. Sustainability assessment was originally based on a single, often energy related, parameter. However, assessments through a single dimension have received much criticism (Nijkamp et al., 1990; Janikowski et al., 2000) , as a single criterion is generally unable to measure the sustainability complexity.
An increasing awareness of externalities, risk and long-term effects of a building suggests a large diffusion in the future of multi-criteria systems to assess sustainability of buildings. Available multi-criteria systems have been accused of a lack of completeness as they neglect some criteria: for example, they rarely take into account the economic dimension of the development. This absence prevents the evaluation of the economic consequences of sustainable choices and, therefore, constitutes a great limit for sustainability rating systems (Ding, 2008) .
The importance of economic and social evaluations has recently emerged in assessing sustainability of buildings in developing countries where it is more evident that the environment cannot be the only assessment category (Gibberd, 2005) .
However, even if it is particularly important to cover all aspects of sustainability in assessment systems, a comprehensive approach to the evaluation has shown to require much detailed information. For example, the last version of GBTool comprises more than 120 criteria. The complexity of sustainability has been pointed out as a limit for the diffusion of sustainable rating systems (Mlecnik et al., 2010) . In fact, if sustainability rating systems and sustainability are perceived as too complex, then the diffusion of sustainability practices will be slower. A balance between completeness in coverage and simplicity of use is hence necessary to help diffusing sustainability assessment in the building sector.
An open aspect of sustainability assessment regards possible regional adaptations in assessment criteria. The Italian experience of SBC-ITACA shows that sustainability assessment systems require adaptation to local characteristics and regional priorities. It is evident that sustainability evaluation needs site adaptations in order to fit sustainable requirements with contextual aspects. This means that sustainable innovations and buildings should be evaluated in each context, as they are not general properties. However, local aspects, priorities, and benchmarks are complex to establish, especially when it is necessary to manage many criteria and performance values as in the building sector.
Sustainability rating systems have shown a trend for whole life perspective analysis as the assessment is moving to cover the construction, operation and Chapter 4 Unauthenticated Download Date | 6/17/19 5:18 PM dismantling phases too. However, limits of sustainability assessments suggest that more complete systems are necessary to assess the multi-dimensional aspects of sustainability.
An important trend in sustainability assessment is the increasing attention to the impact of the building over the neighbourhood. Early assessment systems considered the building as a manufactured product, and evaluated it almost in isolation. However, the importance given to the surrounding site is largely increasing. Also energy requirements have become stronger in the latest versions of this and others assessment systems. This can certainly be motivated by the stricter requests of energy regulations and the greater attention to energy saving in buildings.
Conclusions
The chapter has shown the importance and the ways to assess sustainability in the building sector. By reviewing current systems for sustainability assessment, the chapter has shown that energy performance is generally considered the most important criteria for sustainability of buildings.
The chapter has reviewed the current status of sustainability assessment in the construction sector describing, and often, criticising, most diffused systems. Although there has been a large and rapid diffusion of these systems, room for their improvement exists. The paper has brought the necessity of improving the communicability of the assessment systems and encouraging a more inclusive approach which could take into account externalities, long-term (or life cycle) effects, economic and social aspects. These are fundamental to rate a building as sustainable.
Results of sustainability assessments in a large sample of U.S. certified buildings have shown that their energy performances are well below the optimal ones, also in sustainable buildings. Reasons for the low adoption of energysaving innovations are often the high cost of these technologies and the low preparedness of construction actors.
The same situation occurs for other technologies as water-saving ones. The only innovations that show a different behaviour and are more often adopted are those that guarantee good indoor environmental quality. In these cases, it may be sufficient to substitute traditional materials, such as paint, with more sustainable ones (for examples, paint without compound emissions in the air). This substitution is already common in sustainable buildings in U.S.
